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57 ABSTRACT 
A patient dependent on extracorporeal treatments is 
subjected to minimal insertion trauma and pain both 
before and after a fistula operation. A phlebotomy 
method is disclosed using a veno-occlusive tourniquet 
or ligation occluding a venous segment at a location 
between the inlet and return openings of a dual lumen 
cathter so that a high blood flow rate can be obtained 
for an extracorporeal treatment system, thereby lessen 
ing or delaying the need for a fistula operation. Regis 
tration or alignment of the veno-occlusive tourniquet or 
ligation is ensured by an attachemnt to the catheter. 
Preferably the tourniquet or ligation includes an elastic 
band threaded to the attachment. If a fistula operation 
becomes necessary or has been performed, insertion 
trauma and pain is minimized by using a dual-lumen 
needle having a tapered distal end portion terminating 
in a beveled cutting edge. Preferably the needle has an 
outer tube of swaged stainless steel and an internal di 
vider having a distal end portion matching and engag 
ing with the reduced internal diameter of the tapered 
distal end portion of the outer tube. 

14 Claims, 5 Drawing Sheets 
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4,770,652 
1. 

METHOD AND APPARATUS FOR USING 
DUAL-LUMEN CATHETERS FOR 
EXTRACORPOREAL TREATMENT 

This is a divisional of co-pending application Ser. No. 
700,695, filed on Feb. 12, 1985 now U.S. Pat. No. 
4,623,327. 

FIELD OF THE INVENTION 

The present invention relates generally to extracor 
poreal treatments in which blood and its components 
are treated outside of the body and which require access 
to the circulatory system of the human body and, more 
particularly, to dual-lumen catheters and catheteriza 
tion methods for use in such treatments. As used herein, 
the term "catheter' includes rigid metal devices such as 
needles as well as flexible or semi-rigid polymeric de 
V1CeS. 

BACKGROUND OF THE INVENTION 
The circulatory access for extracorporeal treatments 

such as hemodialysis, hemofiltration, plasmapheresis, 
cytopheresis, and component blood banking, poses spe 
cial problems. Because of the quantitative nature of the 
extracorporeal processes, and due to the fact that clear 
ance rates of selected substances from the blood are 
directly related to the rate at which blood flows to and 
from the system, high blood flow rates to the system are 
preferable. To achieve these high flow rates, e.g. in 
excess of 200 ml. per minute, large veins such as the 
subclavian or femoral veins are usually accessed by the 
catheters used to gain circulatory access for these treat 
ments. These large veins are located deep, in close prox 
imity to vital organs such as the heart, lungs, and vis 
cera, and are difficult to puncture and lead to a higher 
incidence of complications due to the blind techniques 
that must be used. 

In order to obtain high blood flow rates from portions 
of the circulatory system closer to the surface, various 
surgical techniques are employed, usually in the arm. 
The blood supply to the arm begins in the brachial 
artery which divides into three arteries, i.e., the interos 
seous, radial and ulnar arteries. Arterial blood flow is 
under relatively high pressure and has a relatively high 
velocity. After supplying the oxygen and nutritional 
needs of the tissues, the blood returns via a large num 
ber of veins in the arm, including the basalic and ce 
phalic veins. 

Since the blood brought to the arm by three arteries 
is returned through a multitude of venous channels, 
each venous channel carries a small fraction of the 
blood. This blood is under relatively low pressure and 
moves slowly, and the blood from the central veins 
cannot flow to the peripheral veins because of the one 
way valves in the veins. Therefore, in their natural state 
the veins are not able to provide adequate blood flow 
for most extracorporeal treatments. Consequently, the 
surgical techniques referred to above are used to join 
one of the arteries in the arm with an adjacent vein, and 
diverting the arterial blood flow through the vein. Such 
a vein is known as a "fistula" and can be readily ac 
cessed to supply blood to the extracorporeal treatment 
system. 
A fistula is typically accessed by either two single 

lumen catheters or a single double-lumen catheter in 
order to provide simultaneous flow into and out of the 
vein. The use of single-lumen catheters requiring two 
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2 
needle punctures is yet to be replaced by the use of a 
single double-lumen catheter requiring a single needle 
puncture, largely because of a disproportionate increase 
in pain and trauma resulting from the larger puncture 
for the double-lumen catheter. 
Double-lumen catheters and cannulas have employed 

both coaxial lumens and lumens adjacent to one an 
other. It is now known, however, that the preferred 
lumen geometry includes two side-by-side semicircular 
lumens. Coaxial catheters and cannulas are described, 
for example, in U.S. Pat. Nos. 4,096,860; to McLanghlin 
4,099,528; to Borenson et al. 4,202,332; to Tursteegenet 
al. and Udall Canadian Pat. No. 1,092,927. Dual-lumen 
catheters and cannulas having lumens adjacent to one 
another are described, for example, in U.S. Pat. Nos. 
4,098,275; to Consalvo 4,134,402; to Mahurkar, Belan 
Belguim Pat. No. 8,342,211; U.S. Pat. Nos. 4, 180,068; to 
Jabson 4,203,436; to Grimsrud 4,385,631; to Uthmann 
Des. 272,651; to Mahurkar 4,403,983; to Edelman and 
4,451,252 to Martin. 

SUMMARY OF THE INVENTION 
It is a primary object of the present invention to pro 

vide an improved catheterization method and apparatus 
for concurrently and continuously withdrawing blood 
from, and returning blood to, unaltered peripheral veins 
at relatively high blood flow rates (e.g., rates in excess 
of 100-200 ml/minute), using only a single puncture and 
without surgical intervention. Thus, a related object of 
the invention is to provide an improved catheterization 
method and apparatus which permit dual-lumen cathe 
ters to be used in unaltered peripheral veins for extra 
corporeal treatments requiring relatively high blood 
flow rates. 
A further object of the invention is to provide such an 

improved catheterization method and apparatus which 
are relatively simple and economical to use. 
A still further object of the invention is to provide an 

improved dual-lumen needle for accessing the circula 
tory system with a single puncture and minimal inser 
tion trauma and pain. In this connection, a related ob 
ject of the invention is to provide such an improved 
dual-lumen needle which prolongs the life of a fistula. 

Still another object of the invention is to provide such 
an improved dual-lumen needle which significantly 
reduces the cutting trauma during penetration of the 
needle, and which permits entry of the needle into the 
fistula without jeopardizing the blood flow rate and 
without increasing the pressure. 
Yet another object of the invention is to provide an 

improved method of manufacturing dual-lumen needles 
for accessing circulatory systems. 
Other objects and advantages of the invention will be 

apparent from the following detailed description and 
the accompany drawings. 

In accordance with an important aspect of the present 
invention, a dual-lumen catheter is inserted into a ve 
nous segment in the direction of the venous blood flow, 
with a single puncture of the venous segment, the cathe 
ter having an intake lumen for withdrawing blood from 
the venous segment and a return lumen for returning 
blood to the venous segment; and then the venous seg 
ment is occluded so that the segment is engorged on one 
side of the occlusion and partially collapsed on the 
other side of the occlusion, the occlusion being posi 
tioned in such a way that the entrance to the intake 
lumen is located in the engorged portion of the venous 
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segment, and the exit from the return lumen is located in 
the partially collapsed portion of the venous segment. 
Another important ascpect of the present invention 

also provides an improved dual-lumen needle compris 
ing an elongated hollow cylinder having a tapered distal 5 
end portion to reduce the diameter of the cylinder at 
that end, the tapered distal end being beveled to form a 
cutting edge for initiating punctures; a longitudinal 
septum disposed within the cylinder and dividing the 
interior of the cylinder into a pair of longitudinal lu 
mens, one of the lumens extending along the full length 
of the cylinder so that it is open at the beveled distal 
end, and the other lumen terminating a predetermined 
distance away from the beveled distal end by merging 
the septum with the side wall of the cylinder; and at 
least one aperture formed in the cylinder wall near the 
end of the terminated lumen to provide access to that 
lumen through the side wall of the cylinder. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a diagrammatic illustration of the anatomy 
of a portion of the circulatory system of the arm con 
taining various surgical alterations that are made in the 
arm to augment the blood flow through a vein when the 
vein is to be accessed for extracorporeal treatment of 25 
the blood; 
FIG. 2 is a diagrammatic illustration of a portion of 

the anatomy of the circulatory system of the arm, with 
a veno-occlusive tourniquet or ligature applied to pro 
duce venous engorgement for phlebotomy; 
FIG. 3 is a side elevation, partially in section, of a 

dual-lumen catheter for use in accordance with the 
present invention; 

FIG. 4 is an enlarged section taken generally along 
line 4-4 in FIG. 3; 
FIG. 5 is an enlarged section taken generally along 

line 5-5 in FIG. 3; 
FIG. 6 is an enlarged section taken generally along 

line 6-6 in FIG. 3; 
FIG. 7A is a perspective view of a preferred embodi 

ment of a veno-occlusive device attached to the cathe 
ter of FIGS. 3-6.; 
FIG. 7B is a perspective view of a modified embodi 

ment of a veno-occlusive device adapted to be attached 
to the catheter of FIGS. 3-6; 

FIG. 8 is an enlarged section taken generally along 
the line 8-8 in FIG. 10; 
FIG. 9 is an enlarged section taken generally along 

line 9-9 in FIG. 10; 
FIG. 10 is a perspective view of the catheter of 50 

FIGS. 3-6 inserted in an arm with the veno-occlusive 
device of FIG. 7A in its occluding position; 
FIG. 11 is a side elevation of the catheter of FIGS. 

3-6 initially inserted in a peripheral vein of an arm; 
FIG. 12 is a side elevation of the catheter of FIGS. 55 

3-6 inserted in a peripheral vein of an arm and with the 
veno-occlusive device applied to the arm in its occlud 
ing position; 
FIG. 13 is an enlarged view of the end portion of the 

catheter shown in FIG. 12 and the immediately adja 
cent portion of the vein in which it is inserted; 
FIG. 14a is a longitudinal seciton of a tapered cylin 

drical tube used to form a dual-lumen needle embody 
ing the invention; 

FIG. 14b is an end view taken from the lower end of 65 
FIG, 14a 
FIG. 14c is the same longitudinal section shown in 

FIG. 14a with a a pair of apertures formed therein; 
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4. 
FIG. 14d is an end view taken from the lower end of 

FIG. 14c. 
FIG. 14e is a side elevation of the tube shown in FIG. 

14c with a beveled end formed on the upper end of the 
tube; 

FIG. 14f is anend view taken from the lower end of 
FIG. 14e 
FIG. 14g is a longitudinal section taken through the 

beveled tube of FIG. 14e, along a diametral plane which 
bisects the two apertures; 
FIG. 14h is a longitudinal section of a smaller tube to 

be inserted in the tube shown in FIG. 14g. 
FIG. 14i is an end view taken from the lower end of 

FIG. 14h 
FIG. 15a is the same longitudinal section shown in 

FIG. 14g, after the tube shown in FIG. 14h has been 
inserted therein; 
FIG. 15b is an end view taken from the left hand end 

of FIG. 15a, 
FIG.16 is a perspective view of the needle of FIG. 15 

fastened to a connector and tubes for connection to an 
extracorporeal treatment system; 
FIG. 17 is a diagrammatic illustration of the needle of 

FIGS. 15 and 16 inserted into a fistula and supplying 
blood to an extracorporeal treatment system and return 
ing blood to the fistula from the extracorporeal treat 
ment system. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

Although the invention will be described in connec 
tion with certain preferred embodiments, it is to be 
understood that there is no intention to limit the inven 
tion to these particular embodiments; to the contrary, 
various changes and modifications can be made therein 
without departing from the spirit and scope of the in 
vention, and it is intended to cover all such changes and 
modifications that fall within the spirit and scope of the 
appended claims. 

Referring now to the drawings and turning first to 
FIG. 1, a human arm includes arteries 10 for carrying 
blood from the heart to the capillaries extending 
throughout the arm and hand, and a larger number of 
veins 11 for returning the blood to the heart. As men 
tioned previously, the arterial blood flow is at a consid 
erably higher pressure and velocity than the venous 
blood flow, and the arteries are located in deeper parts 
of the arm than the veins. 

In order to obtain adequate blood flow from portions 
of the circulatory system near the surface, the following 
surgical procedures, illustrated in FIG. 1, are com 
monly performed: 
A. Shunt: Silastic tubes 12 and 13 are inserted into the 

ends of an artery 10a and an adjacent vein 11a while the 
distal ends of the artery and vein are cut off and ligated. 
The arterial tube 12 provides blood for processing in the 
extracorporeal equipment, while the venous tube 13 
returns the processed blood. The silastic tubes protrude 
through the skin, and between treatments they are 
joined by a connector 14 which shunts arterial blood 
directly into the vein. 

B. Fistula: The end or side of an artery 10b is surgi 
cally connected to the end of an adjacent vein 11b. This 
admits the high-pressure, high-velocity arterial blood 
flow directly into the vein 11b, which in time dilates and 
can be repeatedly punctured to obtain adequate blood 
for extracorporeal treatments. 
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C. Graft: In this procedure a synthetic or biologic 
tube 15 is surgically interposed between an artery 10c 
and a vein 11c. The high-pressure, high-velocity blood 
gushes into the low-resistance venous system via the 
graft, which can be repeatedly punctured or can have 
permanent ports for obtaining blood for extracorporeal 
treatments. 

D. Phlebotomy: Venous blood at low flow rates, e.g. 
100 ml per minute, can be obtained for transfusions and 
blood banking via a conventional single-lumen needle 
(not shown) by impeding the venous return by a veno 
occlusive tourniquet such as a pneumatic cuff or liga 
ture 16 (FIG. 2) and pooling the blood. To return the 
blood to the veins, the occlusion is removed. A single 
puncture by a convential single-lumen needle (not 
shown) can be used for intermittent withdrawal and 
return of the blood by sequentially applying and remov 
ing the occlusion. A pneumatic cuff (not shown) is 
preferred for this purpose since it is easily inflated and 
deflated to sequentially apply and remove the occlu 
sion. This technique, however, requires complicated 
equipment and is not suitable for continuous extracor 
poreal operations utilizing membrane devices and cen 
trifuges. In addition to being intermittent, it produces 
pressure and velocity oscillations and no-flow states. 

Initially shunts made chronic dialysis possible; femo 

10 

15 

20 

25 

ral venipunctures made acute dialysis life-saving; and 
dual-lumen catheters placed surgically in a femoral vein 
permitted prolonged acute dialysis treatment. Currently 
acute dialysis is done via femoral or subclavian veni 
punctures; chronic dialysis is done via fistulas or grafts; 
and plasmapheresis or cytopheresis is done via periph 
eral venipunctures. All the access sites, i.e. the veins, 
fistulas and grafts, need two punctures, one for with 
drawal and another for return of the processed blood. 
Having two punctures at different sites or in the same 
vessel is not only painful, but also causes additional 
trauma to the vessel and shortens the life of the vessel. 
Single puncture machines with cyclical bidirectional 
flow require special equipment, are complicated to op 
erate and, as a result, are largely obsolete today. Dual 
lumen needles which provide bidirectional flow 
through a single puncture have been proposed, but have 
not been adopted because of the penetration hole size, 
trauma, and accompanying pain. 
A dual-lumen catheter 20 for penetrating a vein 11 is 

shown in detail in FIGS. 3-6. The portion of the cathe 
ter 20 which extends into the vein is a polymeric tube 21 
havring a centrally located longitudinal septum 22 
which divides the tube into two longitudinal lumens 23 
and 24 of semicircular cross-section (see FIG. 5). The 
intake lumen 23 is terminated a predetermined distance 
away from the tip of the catheter and is accessed 
through a plurality of entrance openings 25. The return 
lumen 24 extends through the entire length of the tube 
21 so that its exit opening 26 is located at the distal end 
of the catheter. This arrangement permits the externally 
processed blood to be returned to the vein via the lumen 
24 at a point sufficiently far downstream from the en 
trance openings 25 to ensure that the processed blood 
returned to the vein is not mixed with the unprocessed 
blood being withdrawn from the vein. 
At the distal end of the catheter 20 the semicircular 

cross section of the return lumen 24 is gradually con 
verted to a circular cross-section (see FIG. 4) with a 
beveled tip 27 to facilitate entry through the puncture 
initiated by a needle 28. The beveling on the tip 27 
uniformly reduces the wall thickness of the circular 
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6 
cross-section of the return lumen 24 to a minimum at the 
distal end of the tip 27. As can be seen in FIGS. 3, 4 and 
5, the circular cross-section has a much smaller radius 
than the semicircular cross-section, and is about the 
same as the radius of the needle 28 so that the catheter 
tip 27 fits tightly around the needle. The transition from 
a semicircular to circular cross-section in the return 
lumen 24 begins about where the intake lumen 23 is 
terminated. The termination of the intake lumen 23 is 
effected by merging the semicircular outer wall of the 
lumen 23 with the central septum 22, as can be seen in 
FIG. 3. Beyond this merger, the septum becomes part 
of the circular wall of the intake lumen 23. 
The semicircular or D-shaped cross-sections of the 

lumens 23 and 24 permit relatively high flow rates to be 
achieved in a tube having a relatively small diameter. 
This configuration is particularly advantageous as com 
pared with, for example, a coaxial pair of lumens. For a 
given area and pressure difference, the flow in a single 
direction is only about 15% less in a dual-lumen cathe 
ter having semicircular lumens compared to a single 
lumen catheter, but it is 45% less for a dual-lumen cath 
eter having a coaxial annular lumen. 

In order to connect the two lumens 23 and 24 with a 
pair of flexible tubes 32 and 33 leading to the desired 
extracorporeal treatment equipment, the catheter 20 is 
fastened to a Y-shaped connector 30 by means of a 
surrounding collar 31. More specifically, the central 
septum 22 of the catheter fits into a slot 34 in a corre 
sponding central divider 35 within the connector 30, 
and the adjacent outside wall of the catheter 20 is flared 
outwardly, as at 36 in FIG. 3, to fit against a comple 
mentary tapered surface 37 on the end of the connector 
30. This outwardly flared portion of the catheter 20 is 
pressed firmly against the connector surface 37 by the 
collar 31 which surrounds the adjacent portions of both 
the catheter 20 and the connector 30. The inside surface 
of the collar 31 is adhesively bonded to both the cathe 
ter 20 and the connector 30. This method of joining the 
catheter 20 to the Y-shaped connector 30 is especially 
advantageous since the catheter 20 has a small diameter 
and its septum 22 and side walls are particularly thin. 
Therefore, it is relatively difficult to joint the catheter 
and the Y-shaped connector by the conventional 
method of inserting the catheter into the Y-shaped con 
nectOr. 
To initiate the puncture through which the catheter 

20 is inserted into the desired vein 11, the needle 28 
extends through the full length of the return lumen 24 
and the mating portion of the connector 30. The end of 
this needle 28 is fastened to a luer 40 used to telescope 
the needle through the catheter and into the patient's 
arm. After the catheter has been inserted into the arm 
through the puncture initiated by the needle 28, the luer 
is used to withdraw the needle from the catheter. The 
return lumen 24 is then clear of any obstructions so that 
blood can flow smoothly therethrough. 

In accordance with an important aspect of the present 
invention, the venous segment into which the dual 
lumen catheter is inserted is occluded between the en 
trance to the intake lumen and the exit from the return 
lumen so that the venous segment is engorged on the 
side of the occlusion where the entrance to the intake 
lumen is located, and is partially collapsed on the side of 
the occlusion where the exit from the return lumen is 
located. With this occlusion, the venous pool of blood 
in the engorged section of the vein provides a sufficient 
supply of blood to the intake lumen to permit blood to 
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be withdrawn through that lumen at relatively high 
flow rates. (The suction to withdraw the blood is pro 
vided by the extracorporeal treatment equipment.) At 
the same time, blood can be returned to the collapsed 
section of the vein at similarly high flow rates; the flow 
rate of the returned blcod is determined by the pressure 
produced by the extracorporeal treatment equipment, 
and the vein will accommodate whatever flow rate is 
produced by this equipment because the exit of the 
return lumen is located downstream of the occlusion. 
That is, the occlusion which produces the venous pool 
of blood to supply the intake lumen with blood at the 
desired high flow rate, does not impede the flow of 
blood through that portion of the vein which receives 
blood from the return lumen. Consequently, the desired 
high flow rates can be achieved in both lumens, even 
though the dual-lumen.catheter is inserted in a periph 
eral vein by a single puncture and without surgical 
intervention. 
With care, a veno-occlusive tourniquet such as a 

ligature can be manually positioned to occlude the ve 
nous segment at a location between the entrance to the 
intake lumen and the exit from the return lumen of the 
dual-lumen catheter. 

In the particlarembodiment illustrated, however, the 
proper positioning of the occlusion is facilitated by an 
occlusion device affixed to the catheter between the 
entrance to the intake lumen 23 and the exit from the 
return lumen 24. The preferred embodiment of the oc 
clusion device shown in FIG. 7A and 8-10 comprises an 
elastic band 50 passed through a pair of apertures in a 
tension plate 51 mounted on the end of a support arm 52 
attached to the catheter collar 31. More particularly, 
the support arm 52 is rigidly fastened to a semi-cylindri 
cal seating member 52 which is bonded to the outer 
surface of the collar 31 which holds the catheter in 
place against the connector 30. The length of the arm 52 
is such that the transverse centerline of the tension plate 
51, and thus the elastic band 50, is located about mid 
way between the entrance to the intake lumen 23 and 
the exit from the return lumen 24. Consequently, the 
occlusion produced by drawing the elastic band 50 taut 
around the patient's arm will always be located at ex 
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actly the desired position relative tothe two lumens of 45 
the catheter 20. 
To ensure that the occlusion is continuous around the 

entire circumference of the arm, a venous compression 
pad 53 is attached to the underside of the tension plate 
51 between the two apertures for the elastic band 50. 
Thus, when the elastic band 50 is drawn taut, the com 
pression pad 53 is pressed into the portion of the arm 
which is not engaged by the elastic band. Consequently, 
the combination of the compression pad 53 and the 
elastic band 50 provide a substantially continuous oc 
clusion around the entire 360 of the arm circumfer 
CC. 

A modified embodiment of the occlusion device is 
illustrated in FIG. 7B. In this particular embodiment, 
the venous compression pad is eliminated because the 
elastic band 54 is threaded through apertures formed in 
the enlarged end portions of a pair offingers 55 and 56 
formed as integral parts of a support arm 57. The sup 
port arm 57 in turn is mounted on the catheter collar 31 
by means of a saddle 58 fitting into a complementary 
groove formed in the outer surface of the collar. With 
this modified arrangement the elastic band 54 and the 56 
form a substantially continuons occlusion around bot 
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tom surfaces of the two supporting fingers 55 and the 
entire 360 of the arm circumference. 
The method of using a catheter equipped with the 

venous occlusion device of this invention is illustrated 
more clearly in FIGS. 11, 12 and 13. In FIG. 11, the tip 
of the catheter 20 has been inserted into a vein 11; it will 
be noted that the vein has not yet been occluded. In 
FIG. 12 the elastic band 50 of the occlusion device has 
been drawn tightly around the arm, thereby occluding 
the veins but not the arteries so that proximal to the 
occlusion the veins become engorged on the intake side 
of the occlusion. The engorged veins contain a pool of 
blood and the intercommunication between veins con 
tinuously feeds blood to the vein 11 and the intake 
lumen of the catheter. As further shown in FIG. 13, the 
occlusion collapses the vein 11 against the distal end 
portion of the catheter 20 beyond the termination of the 
intake lumen, so that there is virtually no blood flow 
through this vein other than that which takes place by 
way of the intake lumen 23 of the catheter, the extracor 
poreal treatment system, and the return lumen 24 of the 
catheter. Because of the engorgement of the vein on the 
intake side of the occlusion, the blood can be with 
drawn from the vein 11 at a relatively high flow rate, 
and can be returned to the collapsed portion of the vein 
via the return lumen 24 at substantially the same rate 
because this portion of the vein is capable of accommo 
dating the large blood flow rate produced by the pres 
sure of the extracorporeal system. 
While it is believed that the above-described method 

is suitable for relatively infrequent use or for a substan 
tial period of time for continous use, a fistula is gener 
ally desirable and may be necessary for frequent and 
long-term use. In accordance with a further important 
aspect of the invention, a dual-lumen needle is provided 
in the form of an elongated hollow cylinder having a 
tapered distal end portion to reduce the diameter of the 
cylinder, the distal end being beveled to form a cutting 
edge for initiating punctures; a longitudinal septum is 
disposed within the cylinder to divide the interior of the 
cylinder into a pair of longitudinal lumens, one of the 
lumens extending along the full length of the cylinder so 
that it is open at the beveled distal end, the other lumen 
terminating a predetermined distance away from the 
beveled distal end by merging the septum with that side 
of the cylinder wall. At least one aperture is formed in 
the cylinder wall near the end of the terminated lumen 
to provide access to that lumen through the side wall of 
the cylinder. This dual-lumen needle permits high blood 
flow rates in both directions even though it requires 
only a single puncture into the fistula. Furthermore, the 
single puncture causes no more pain or trauma than 
does a standard dialysis needle which accommodates 
blood flow in only one direction. 

In the illustrative embodiment of the dual-lumen nee 
dle shown in FIGS. 15 and 16, the needle comprises a 
thin-walled tube 60, preferably made of 304 stainless 
steel. The distal end portion of the tube 60 is tapered, as 
at 61, so as to reduce its diameter, thereby reducing the 
size of the puncture produced by insertion of the needle 
into a vein or other vessel. The tapered tip of the tube 60 
also has a beveled tip 62 to facilitate the puncture and 
initial entry of the needle into the body. Due to the 
geometry of the beveled tip and the taper, the length of 
the incision is only about 31% of the circumference of 
the body of the tube. 

Inside the tapered tube 60, a centrally located longitu 
dinal septum 63 divides the interior into two longitudi 
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nal lumens 64 and 65 of semicircular cross-section. This 
septum 63 merges with one side of the tube a predeter 
mined distance away from the beveled tip 62, so that the 
intake lumen 64 terminates at this merger. The return 
lumen 65 extends through the full length of the tube 60. 
To provide access to the intake lumen 64, a pair of 
apertures 66 and 67 are formed in the side wall of the 
tube. These apertures 66 and 67 are preferably in longi 
tudinal alignment with the longest sidewall of the tube, 
i.e., with the apex of the beveled end 62. This alignment 
provides geometrically opposite location of the aper 
tures 66, 67 from the bevel 62 and prevents mixing of 
processed and unprocessed blood. Since the blood flow 
is laminar, the intake and return ports merge the blood 
streams in laminee further apart in the lumen of the 
fistula and mixing is thereby avoided. 

In use the dual-lumen needle is preferably inserted 
into the vessel in the direction of blood flow therein, as 
illustrated in FIG. 17. Because the entrance to the in 
take lumen 64 and the exit from the return lumen 65 are 
spaced a substantial distance away from each other, the 
blood which has been processed by the extracorporel 
treatment equipment is not mixed with the unprocessed 
blood being drawn into the intake lumen. 
A preferred method of forming the dual-lumen nee 

dle described above is illustrated in FIGS. 14 and 15. 
This method starts with a thin-walled tube 60 of 304 
stainless steel of "halfhard' temper. One end of the tube 
is smoothly tapered by swaging over a hardened inter 
nal mandrel so as to reduce both the inside and outside 
diameters of the tube 60 without increasing the wall 
thickness, as shown in the cross-sectional side view in 
and FIG. 14a, the end view in FIG. 14b. In fact, the 
wall thickness is preferably reduced slightly by the 
swaging operation. Preferably the thin-walled tube 60 is 
14 gauge (2.60 mm outside diameter) and is gradually 
reduced by the taper 61 to 17.5 gauge (1.40 mm outside 
diameter). By swaging the tube over a hardened inter 
nal mandrel, the needle is provided with a smooth inter 
nal surface finish which does not promote clotting of 
blood. 

Next, the apertures 66 and 67 are provided in the side 
wall of the tube 60 near the transition or tapered region 
61. where the diameter of the tube begins to decrease, as 
shown in the cross-sectional side view in FIG, 14c the 
view in FIG. 14d. These access openings can be pro 
duced by use of a slotting grinding wheel rotating tan 
gent to the tapered surface and moved at right angles to 
the axis of the tube. As shown in the side elevation view 
but cross-sectional side view in FIG. 14g not visible in 
the corresponding end view in FIG. 14f the beveled 
end 62 on tee tapered portion of the tube 60 is produced 
by a conventional grinding technique using a primary 
oblique grind with two rotational inclined cuts to obtain 
a short bevel. 
To divide the tapered and beveled tube into two 

lumens, a semicircular tube 70 is inserted into the ta 
pered and beveled tube to the position illustrated in the 
cross-sectional view in FIG. 14f and the corresponding 
end view in FIG. 15b. This semicircular tube 70, shown 
separately in the cross-sectional view in FIG. 14h and 
the end view of FIG. 14e, should have an outside diame 
ter which precisely matches the inside diameter of the 
distal end portion of the main tube 60, and the wall 
thickness of the semicircular tube preferably does not 
exceed about 0.003'. As can be seen in FIGS. 14 and 15, 
the semicircular tube 70 is pre-shaped in the longitudi 
nal direction to exactly match the longitudinally ta 
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10 
pered configuration of the main tube 60. It is desirable 
that the distal end of the partitioning semicircular tube 
70 extend into the region between the end of the access 
aperture 66 and the heel of the beveled tip 62 of the 
main tube 60. A tight frictional fit of the semicircular 
partitioning tube 70 within the main tube 60 is generally 
adequate to hold the needle assembly firmly together, 
but if desired the inner tube 70 may be adhesively 
bonded to the inside walls of the main tube 60. 
To complete the needle assembly, the metal needle is 

attached to a Y-shaped connector 71 shown in FIG. 16 
which connects the respective lumens 64 and 65 of the 
needle to a pair of corresponding tubes 72 and 73. Pref. 
erably the Y-shaped connector 71 has an integral finger 
grip 71' for manipulation of the catherter assembly. The 
finger grip 71" may also be used as a taping surface to 
anchor the needle during extracorporeal treatment. As 
further shown in FIG. 17, the tubes 72 and 73 can be 
connected to the desired extracorporeal treatment sys 
ten 74 in a conventional manner. 

In view of the above, a patient dependent on extra 
corporeal treatments is subjected to minimal insertion 
trauma and pain both before and after a fistula opera 
tion. By using the phlebotomy method employing a 
veno-occlusive tourniquet or ligation occluding a ve 
nous segment at a location between the inlet and return 
openings of a dual lumen catheter, a high blood flow 
rate can be obtained to the extracorporeal treatment 
system, thereby lessening or delaying the need for a 
fistula operation. If, however, a fistula operation be 
comes necessary or has been performed, insertion 
trauma and pain is minimized by using the above 
described dual-lumen needle having a tapered distal end 
portion terminating in a beveled cutting edge. 
What is claimed is; 
1. A dual-lumen needle comprising 
an elongated unitary hollow cylinder made of stain 

less steel and having a substantially constant diame 
ter and wall thickness and a tapered distal portion 
terminating into a cylindrical end portion of reduc 
ing diameter tapering smoothly, to a single beveled 
distal tip having a sharp cutting edge for intiating 
punctures, 

a longitudinal septum means disposed within said 
cylinder and dividing, the interior of the cylinder 
into a pair of longitudinal lumens, one of said lu 
mens extending along the full length of said cylin 
der so that it is open at said beveled distal tip, said 
septum means merging with the inside wall of said 
cylinder to terminate the other of said lumens a 
predetermined distance away form said beveled 
distal tip, and 

at least one aperture formed in the cylinder wall near 
the end of said terminated lumen to provide access 
to that lumen through the side wal of the cylinder. 

2. The dual-lumen needle as claimed in claim 1, 
wherein said aperture is in longitudinal alignment with 
the apex of the beveled distal end. 

3. The dual-lumen needle as claimed in claim 1, 
wherein the longitudinal septum is centrally located and 
the lumens are of semicircular cross-section. 

4. The dual-lumen needle as claimed in claim 1, 
wherein the longitudinal septum is an integral wall of a 
semicircular tube inserted into said elongated hollow 
cylinder. 

5. The dual-lumen needle as calimed in claim 4, 
wherein the distal end portion of said semicircular tube 
has an outside diameter which precisely matches the 
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inside diameter of the tapered distal end portion of the 
elongated hollow cylinder. 

6. A dual-lumen needle comprising an elongated 
stainless steel tube of approximately constant diameter 
and wall thickness and having a swaged and tapered 
distal portion terminating into a cylindrical end portion 
of reducing diameter tapering smoothly to a single bev 
eled distal tip, the beveled tip having a sharp cutting 
edge for initiating punctures, and a longitudinal septum 
means disposed within said stainless steel tube and di 
viding the interior of the stainless steel tube, the distal 
end portion of said longitudinal septum means engaging 
with the inside wall of said cylindrical end portion of 
reducing diameter, said longitudinal septum means pro 
viding a first lunen in said stainless steel tube having its 
distal opening in said beveled distal tip, and a second 
lumen inside said stainless steel tube having a distal 
opening provided by at least one aperture distal portion 
of said stainless steel tube to provide access to said 
secodin lumen through the side wall of said tube. 

7. The dual-lumen needle as claimed in claim 6 
wherein the longitudinal septum is the flat wall of an 
internal semicircular tube having its cylindrical wall 
flush with the inside wall of the cylindrical tube. 

8. The dual-lumen needle as claimed in claim 6, 
wherein said aperture is at least partially in the wall of 
the tapered distal portion of said tube, and wherein said 
aperture and the apex of the beveled end of the tube are 
in longitudinal alignment. 

9. The dual-lumen needle as claimed in claim 7, 
wherein the distal end portion of said internal semicir 
cular tube has an external diameter matching the inter 
nal diameter of said cylindrical beveled tip of reduced 
diameter, so that a frictional fit is obtained between the 
cylindrical tube and the internal semicircular tube. 

10. A dual-lumen hemodialysis needle for obtaining 
concurrent and continuous bidirectional blood flow 
between a fistula in a patient and a hemodialysis ma 
chine, said hemodialysis needle comprising 
an elongated, straight, unitary cylindrical tube made 

of stainless steel and having a substantially constant 
diameter and wall thickness, the distal end portion 
of the tube being smoothly tapered with a gradual 
and uniform reduction of the circumference, and 
the distal end portion of said tube terminating into 
a cylindrical end portion of reducing diameter 
having a single sharpened and beveled distal tip 
defining a blood outlet opening and forming a cut 
ting edge for initiating punctures, and 

a planar internal divider means extending axially 
along the length of said tube to define respective 
blood intake and return lumens, the distal end por 
tion of said internal divider being angled in the 
region of the tapered distal end portion of said tube 
to merge with the inner wall of said tube near the 
distal end of the tapered portion of said tube, the 
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12 
tapered portion of said tube including at least part 
of at least one aperture separated by said divider 
from said blood outlet opening so as to provide a 
blood inlet opening for said blood intake lumen, 

wherein the bisecting plane of the internal divider, 
said aperture, and the apex of said beveled tip are 
approximately in longitudinal alignment, the bevel 
of said beveled tip sloping from the apex of said 
beveled tip proximally to terminate at a point geo 
metrically opposite said divider from said aperture 
to thereby prevent mixing of the inlet and outlet 
blood flows. 

11. The dual-lumen hemodialysis needle as claimed in 
claim 10, wherein the distal end portion of said tube 
includes a conically tapered portion providing at least 
some of said reduction of circumference and includes a 
cylindrical portion including said bevel and which ex 
tends proximally from said point at which said bevel 
proximally terminates to the distal end of said conically 
tapered portion. 

12. The dual-lumen hemodialysis needle as claimed in 
claim 10, wherein the distal end portion of said internal 
divider merges with the inner wall of said tube at a point 
proximal of said point at which said bevel proximally 
terminates. 

13. The dual-lumen hemodialysis needle as claimed in 
claim 11, wherein the distal end portion of said internal 
divider merges with the inner wall of said tube at a point 
at which said cylindrical portion including said bevel 
meets the conically tapered portion of said tube. 

14. A hemodialysis method comprising 
providing a dual-lumen needle comprising an elon 

gated hollow cylinder having a tapered distal end 
portion to reduce the diameter of the cylinder, said 
distal end being beveled to form a cutting edge for 
initiating punctures; a longitudinal septum disposed 
within said cylinder and dividing the interior of the 
cylinder into a pair of longitudinal lumens, one of 
said lumens extending along the full length of said 
cylinder so that it is open at said beveled distal end, 
said septum merging with the wall of said cylinder 
to terminate the other of said lumens a predeter 
mined distance away from said beveled distal end; 
at least one aperture formed in the cylinder wall 
near the end of said terminated lumen to provide 
access to that lumen through the side wall of the 
cylinder, 

inserting said needle percutaneously into a blood 
vessel in the direction of blood flow, and 

withdrawing blood from said blood vessel via said 
terminated lumen, treating the withdrawn blood in 
a hemodialysis machine, and returning the treated 
blood to said blood vessel via said lumen which is 
open at said beveled distal end. 
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